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-Data on m u l t i p l i c i t y d i s t r i b u t i o n s i n proton
p r o t o n i n t e r a c t i o n s a t high-energies, which f i r s t become a v a i l a b l e a y e a r o r s o ago, provide v a l u a b l e q u a l i t a t i v e i n s i g h t i n t o some g l o b a l a s p e c t s of hadron production [ I ] . F u r t h e r bubble chamber inves-
t i g a t i o n s a t Serpukhov and a t NAL during t h e p a s t y e a r [2,3] have added more d e t a i l on t h e energy ( s ) and m u l t i p l i c i t y ( n ) dependence of t h e p a r t i a l c r o s ss e c t i o n s Cn(s)
. At t h e same time, s i n g l e -and two-particle i n c l u s i v e momentum d i s t r i b u t i o n s have been obtained over t h e energy range 30 t o 1500 GeV/c.
Important a n a l y s e s of t h e p r o p e r t i e s of s e l e c t e d e x c l u s i v e channels a r e a l s o beginning. It seems c l e a r t h a t proper i n t e r p r e t a t i o n of m u l t i p l i c i t y s p e c t r a r e q u i r e s simultaneous c o n s i d e r a t i o n of a l l t h i s o t h e r
r e l e v a n t information. A c l e a r t r e n d i n t h i s d i r e c t i o n i s v i s i b l e i n papers w r i t t e n over t h e p a s t year. I n some of t h e more i n t e r e s t i n g r e c e n t work, a s e r i o u s a t tempt is made t o i n t e g r a t e knowledge of m u l t i p l ic i t y d i s t r i b u t i o n s , momentum s p e c t r a , and v a r i o u s c o r r e l a t i o n s .
M y charge i s t o r e p o r t on m u l t i p l i c i t i e s a s such, and t o l e a v e t h e treatment of d e t a i l e d models and of momentum s p e c t r a t o others. I w i l l c o n c e n t r a t e p r i -
marily on pp r e s u l t s , s i n c e they a r e the most comp l e t e . I n l a r g e measure, t h e pp d a t a a r e a l s o rep r e s e n t a t i v e of t h e general p i c t u r e , although i n t e r e s t i n g systematic d i f f e r e n c e s a r e present between p a r t i c l e -a n t i p a r t i c l e processes [3 ] (e. g. K '~ a t 32 GeV/c). (ay) 2. 0.3 -0.5 . I n terms of mean i n v a r i a n t mass of hadron p a i r s , t h i s i m p l i e s (Am) 2' 400 -500 MeV.
Obviously, independent emission of hadrons i s excluded, and one must expect important f i n a l -s t a t e int e r a c t i o n e f f e c t s , c l u s t e r i n g , c o r r e l a t i o n s and s o f o r t h . Second, t h e two-prong (3) and four-prong o r e by no means c l e a r from t h e s e d a t a t h a t a n e n e r gy-independent ( " d i f f r a c t i v e " ) non-zero lower bound is being approached. I n pp c o l l i s i o n s , perhaps t h e b e s t way t o e s t a b l i s h t h e e x i s t e n c e and magnitude of such a lower l i m i t w i l l be t o study s y s t em a t i c a l l y t h e s dependence of s e l e c t e d e x c l u s i v e channels (e.g. PP + pp %+x-). T h i r d , t h e f u l l n dependence of a t l a r g e s i s described w e l l -2 n e i t h e r by a Poisson formula nor by ~l n .
Nevertheless, i t i s c l e a r t h a t a P o i s s o n form i s a much b e t t e r r e p r e s e n t a t i o n of t h e l a r g e n ( n > (n)) -2 behaviour than is -n . Simple d i f f r a c t i v e models 161 f o r high n a r e excluded. Fourth, corr e l a t i o n parameter f a = (n(n-I)) -( n ) 2 grows i n c r e a s i n g l y p o s i t i v e a s s i n c r e a s e s . F l u c t u a t i o n s about t h e mean a r e s i g n i f i c a n t . The s dependence of f i s i n p r i n c i p l e a good d i s c r i m i n a t o r between 2 models. I n p r a c t i c e , however, d a t a c a n be f i t t e d with expressions whose l e a d i n g s behaviour i s 2 l o g s , ( l o g s ) , & , o r s , and s o we must look deeper. F i f t h , a simple r u l e appears t o d e s c r i b e 2 t h e growth of t h e width D = ((n ) -(n)2)1/20 Data can be f i t t e d a s T h i s r e g u l a r i t y was f i r s t suggested by Malhotra [ 7 ] i n 1963 and l a t e r explored i n more d e t a i l by Czyzewski F o u r t h , i n t e r e s t i n g information is a v a i l a b l e on as- 
I f i n d t h a t t h e r e i s l i t t l e j u s t i f i c a t i o n f o r suppos i n g t h a t one smooth f u n c t i o n should f i t , and essent i a l l y no p r e d i c t i v e v a l u e i n t h e r e s u l t s . I f t h e q -p a r t i c l e i n c l u s i v e c r o s s -s e c t i o n has a t t a i -
ned an energy independent p l a t e a u , the i n t e g r a l g i v e s C ( l o g s ) q + log S)q-l] , where C is a 4 9 constant. Therefore, we deduce C o r r e c t i o n terms Of o r d e r a r e indicated. The r a t i o R can be expected t o be represented by t h e 9 r i g h t hand s i d e of e q u a t i o n 4 only f o r q << ( n ) .
I f equation 4 holds f o r q , then ( 4 ) i m p l i e s (2).
Because a n approximately s-independent p l a t e a u even f o r s i n g l e p a r t i c l e s p e c t r a i s not observed t o s e t i n u n t i l ISR e n e r g i e s , i f a t a l l , the d e r i v a t i o n shows t h a t only q 2 2 s a t i s f i e s t h e b a s i c postu- 
u l t i p l i c i t y d a t a from pp i n t e r a cmost h o t l y debated s u b j e c t s of t h e p a s t year. The t i o n s a r e shown f o r l a b o r a t o r y momenta ranging from
s c a l i n g r u l e s r a t e s t h a t 5.5 t o 300 GeV/c. Variable z' 3 (n-0.9)/((n)--0.9). T h i s f i g u r e i s taken from Ref.19, i n which r e f e r e n c e s t o d a t a may a l s o be found. P n ( s ) = --I n view of t h e f a c t t h a t t h e r e q u i r e d s -i d e p e n d e n t I t s o r i g i n a l "derivation", based on t h e assumption of p l a t e a u x a r e not observed, t h i s e a r l y o n s e t of appaFeynman s c a l i n g f o r a l l i n c l u s i v e s p e c t r a [ i l l , can r e n t KNO s c a l i n g c l e a r l y has a b s o l u t e l y nothing t o be meaningful and v a l i d only a t e x t r a o r d i n a r i l y high do with t h e o r i g i n a l d e r i v a t i o n . Is t h e precocious s , i f a t a l l . One begins with t h e i d e n t i t y appearance of a u n i v e r s a l f u n c t i o n $(z) profound o r a c c i d e n t a l ? I f a c c i d e n t a l o r t r a n s i t o r y , we may
) expect t h a t a s s i n c r e a s e s f u r t h e r , t h e f u n c t i o n dyl.. .dy 9 $(z) w i l l a c t u a l l y change g r a d u a l l y before approaching C1-348 E.L.
i t s t r u e s c a l i n g l i m i t $ ( 2 ) , i f such a $-e x i s t s .
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Supporters of t h e i d e a t h a t t h e e a r l y s c a l i n g i s
profound s e a r c h f o r models which incorporate t h i s f e a t u r e .
The accidental/profound debate i s not resolved.
Data on t h e l a r g e n behaviour of c v s n i n t h e energy range 1 0 0 _( Plab 2 400 GeV/c a r e of limited s t a t i s t i c a l s i g n i f i c a n c e , s o t h a t d e v i a t i o n s from a u n i v e r s a l f i t a r e e a s i l y hidden. Perhaps a more s e n s i t i v e t e s t of r e l i a b i l i t y i s provided by t h e s dependence of t h e r a t i o [mode/(n)] . AS remarked by Wroblewski [ 9 ] , d a t a on t h i s q u a n t i t y
show a systematic decrease with plab , whereas a c o n s t a n t r a t i o i s demanded i f early K N O i s t r u e .
Second, a purely h e u r i s t i c d e r i v a t i o n of e a r l y KNO s c a l i n g may be given. The d i s t r i b u t i o n P =c / c n n p l o t t e d versus n h a s u n i t a r e a a t a l l s , but i t s shape spreads t o l a r g e r n a s s increases. I f t h e r a x i s i s s c a l e d by ( n ) and the y a x i s m u l t i p l i e d by ( n ) , u n i t a r e a i s preserved. However,
t h e d i st r i b u t i o n s a t d i f f e r e n t s c o l l a p s e approximately t o one u n i v e r s a l d i s t r i b u t i o n provided t h a t the r a t i o ~/ ( n ) i s constant. (D i s the of t h e d i s t r i b ut i o n , E q . ( l ) ) . This observation reducesthe apparent e a r l y o n s e t of K N O simply t o a manifestatton of the
Malhotra-Wroble~ski r u l e , a t l e a s t t o f i r s t order.
To be s u r e , t r u e e a r l y KNO s c a l i n g r e q u i r e s t h a t the next moment, skewness y3 , a l s o be s-independent However, t h i s q u a n t i t y i s r e l a t i v e l y small. Fourth, many approaches, i n c l u d i n g the "twocomponentT' approach f i t C d a t a p e r f e c t l y over the energy range 50 t o 300 GeV/c. I n t h i s sense, t h e s e models provide a f u n c t i o n $(z) d e f i n a b l e from t h e i r "perfectr' f i t s i n t h i s energy range [20, 21] . However, f o r most of these approaches the asymptotic f u n c t i o n jlm(z) i s f a r from t h a t deduced from p r e s e n t data.
These f i t s suggest t h e r e f o r e t h a t apparent KNO scal i n g i n the p r e s e n t energy range i s e n t i r e l y t r a n s itory. The s c a l e of energies.[21 1 over which t h i n g s 4 change may be of o r d e r 10 GeV. Demonstrations of t h i s s o r t may be a s much a g a i n s t t h e s p e c i f i c models a s they a r e a g a i n s t e a r l y K N O s c a l i n g , of course.
However, t h e i r e x i s t e n c e dampens enthusiasm f o r t h e e m p i r i c a l r e g u l a r i t y , and s u r e l y undermines credence i n e x t e n t i o n s of KNO f i t s t o no and K multi- doubts of the type mentioned above, suggest t h a t t h e r e a l KNO s c a l i n g l i m i t , i f any, may be very d i f f e r e n t from t h a t suggested by p r e s e n t analyses.
Nevertheless, t h e r e h a s been very i n t e r e s t i n g spino f f from t h e e f f o r t s of t h e pro-KNO school. I may c a l l a t t e n t i o n e s p e c i a l l y t o t h e work of Koba and of Koba and Weingarten on d e n s i t y c o r r e l a t i o n s and normalized cumulants [231. Models i n which KNO scal i n g i s b u i l t i n from t h e s t a r t inclltde s e v e r a l impact-parameter models, which a r e q u i t e i n t e r e s t i n g i n t h e i r own r i g h t [24,251 . . W e observe t h e sum of a l l e f f e ts. I t i s a n i n t r i g u i n g experimental challenge t o f i n d operation a l methods f o r s e p a r a t i n g various mechanisms.
Although t h e physical motivation i s high, twocomponent f i t s t o Dn(s) involve g r e a t freedom and many a r b i t r a r y assumptions. I n p r a c t i c e , t h e two-component approach h a s meant t h e a d d i t i o n of c o n t r i b u t i o n s from two overly simple components [26,
. An approximately Poisson d i s t r i b u t i o n is f i tt e d t o t h e high m u l t i p l i c i t y t a i l , and then enough i s added t o t h e c a t low m u l t i p l i c i t i e s t o produce a p e r f e c t f i t . The low-multiplicity add-on is
of t e n l o o s e l y termzd "diff ractive". For the high-n component, each en + 0 asymptotically, and (nhigh ) b log, s with bch A , 2 t o 3 . Even l e s s is generally t r u e about t h e low-n component ; crud e l y , (nlow) grows slowly with s , i f a t a l l , and e i t h e r each 
T h i s r e s u l t i s obtained upon f o r c i n g agreement w i t h
t h e Malhotra-Wroblenski r e g u l a r i t y [28] . Third, t h e p r e s e n t two-component approach l e a d s t o an asymptot i c p r e d i c t i o n Y3 < 0 . This i s q u a l i t a t i v e l y obv i o u s inasmuch a s t h e approach provides a low mult i p l i c i t y shoulder, of s m a l l e r o v e r a l l magnitude than t h e dominant high m u l t i p l i c i t y component. Thus, skewness e v e n t u a l l y becomes negative. Proponents of e a r l y KNO s c a l i n g view t h i s f e a t u r e a s a p o s s i b l e f a t a l flaw of t h e two-component view-point [29] .
Data on f z h a r e roughly energy independent over t h e p r e s e n t energy i n t e r v a l ,
Fourth, a d i p s t r u ct u r e , t h e "~i l s o n -d i p " , may appear a t high enough
e n e r g i e s i f t h e low and high n components separate.
I t s observation would be impressive support f o r twoo r multi-component p i c t u r e s , and would h e l p n a i l down parameters. However, no d i p i n t h e ISR energy range c a n r e a l l y be s a i d t o be expected from f i t s t o lower energy d a t a , i n the sense t h a t p r e s e n t parameters
a r e t o o poorly determined. 
i t would be very i n s t r u c t i v e t o examine t h e s t r u c t u r e of c vs. n f o r e v e n t s i n which o t h e r p o s s i b l e mechanisms
p l a y a r o l e (e.g. e v e n t s with a X i n t h e c e n t r a l -region, a B , a l a r g e pT hadron, e t c .
I t i s c r u c i a l t o break-away from t h e i d e a t h a t one must be t o t a l l y i n c l u s i v e . Appropriate c u t s (semi-inclusive) m y be very i n s t r u c t i v e .
On t h e t h e o r e t i c a l f r o n t , e f f o r t s a r e under way t o develop multi-component models with more j u s t i f i c a - N e i t h e r i s a "best-fit". 
No attempt i s made t o reproduce t h r e s h o l d e f f e c t s
f o r 2 < 1 0 G~V~ . A s w i l l be seen, t h e r a t e of ( n (~~) ) with l o g hI2 i s c o n s i s t e n t with being the same srs t h e r a t e of growth of ( n ( s ) ) v e r s u s l o g s .
The l i n e a r curve i s n o t a n Unreasonable p a r a m e t r i z a t i o n a t low M, but 2 begins t o f a i l f o r M2 > 50 GeV . 
T h e o r e t i c a l i n t e r p r e t a t i o n of t h e s e m u l t i p l i c i t y d a t a i s n o t a l t o g e t h e
with t h i s model, t h e form was found a p p r o p r i a t e ( f o r charge m u l t i p l i c i t y ) . The r a t h e r small c o e f f i c i e n t (0.6) of the l i n e a r term found i n NAL d a t a would appear t o c o n t r a d i c t nova model p a r a m e t r i z a t i o n s , even a t low M . T h i s objec-
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